Background. Papillary thyroid carcinoma (PTC) is a common endocrine malignant neoplasm, and its incidence increases continuously worldwide in the recent years. However, efficient clinical biomarkers were still deficient; the present research is aimed at exploring significant core genes of PTC. Methods. We integrated three cohorts to identify hub genes and pathways associated with PTC by comprehensive bioinformatics analysis. Expression profiles GSE33630, GSE35570, and GSE60542, including 114 PTC tissues and 126 normal tissues, were enrolled in this research. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were utilized to search for the crucial biological behaviors and pathways involved in PTC carcinogenesis. Protein-protein interaction (PPI) network was constructed, and significant modules were deeply studied. Results. A total of 831 differentially expressed genes (DEGs) were discovered, comprising 410 upregulated and 421 downregulated genes in PTC tissues compared to normal thyroid tissues. PPI network analysis demonstrated the interactions between those DEGs, and top 10 pivotal genes (TGFB1, CXCL8, LRRK2, CD44, CCND1, JUN, DCN, BCL2, ACACB, and CXCL12) with highest degree of connectivity were extracted from the network and verified by TCGA dataset and RT-PCR experiment of PTC samples. Four of the hub genes (CXCL8, DCN, BCL2, and ACACB) were linked to the prognosis of PTC patients and considered as clinically relevant core genes via survival analysis. Conclusion. In conclusion, we propose a series of key genes associated with PTC development and these genes could serve as the diagnostic biomarkers or therapeutic targets in the future treatment for PTC.
Introduction
Thyroid cancer accounts for 96% malignant tumors of the head and neck, which is the most common malignant tumor in endocrine organs and the fifth most common cancer in women worldwide [1, 2] . The incidence of thyroid cancer continues to increase during the past 30 years, which has the fastest growth rate among all solid malignant tumors, generating a serious impact on the quality of life and huge social economic burden for patients [3] . The 2017 edition of American cancer statistics indicated that the incidence of thyroid cancer accounted for 3.4% of all malignant tumors.
According to an analysis of thyroid cancer data from the World Health Organization during 1960 to 2012, the incidence of thyroid cancer in most countries and regions around the world presents a rapid growth in the last half century [4] . Thyroid cancer can be classified into four subtypes: papillary thyroid carcinoma (PTC), follicular thyroid carcinoma (FTC), medullary thyroid carcinoma (MTC), and anaplastic thyroid carcinoma (ATC), among which PTC is the most common type, accounting for about 80% of all thyroid cancer. Most of the patients with differentiated thyroid cancer (DTC) can obtain satisfactory therapeutic effects through surgical excision and radioactive iodine therapy and an overall 10-year survival rate exceeding 90% [5, 6] . However, a portion of thyroid cancer patients develop distant metastases and exhibit poor prognosis [7] .
At present, the cause of PTC is not very clear. Several studies reported that the incidence of thyroid cancer is influenced by many factors, such as sex, age, region, and ethnic differences [8, 9] . Many studies have reported that the pathogenesis of PTC is related to BRAF mutation and RET/PTC and PAX8/PPAR rearrangement; one hypothesis speculated that the activation of serine/threonine kinase caused by mutations of BRAF at T1799A and V599E may be an alternative mechanism of oncogenic mitogen-activated protein kinase (MAPK) pathway activation [10] [11] [12] , and other groups found that RET/PTC rearrangement promotes the proliferation and migration of PTC cells by regulating nuclear factor-κB (NF-κB) activity and relative oncogenic protein expression [13] [14] [15] . PAX8/PPAR rearrangement was also involved in thyroid tumorigenesis. PAX8 regulates thyroglobulin, thyroid peroxidase, and thyrotropin receptor gene promoters; it also regulates the differentiation and growth of thyroid cells [16] . PPARγ is one of the nuclear receptors, which participates in inflammation, cell cycle control, apoptosis, and oncogenesis. PAX/PPAR rearrangement intervenes the transcription pathway, upregulates relative gene promoter activity, and finally promotes PTC progression [17] [18] [19] . However, these theories still cannot explain the pathogenesis of all PTCs. Therefore, further studies of the molecular mechanisms of PTC and seeking novel biomarkers for PTC seem to be of great significance and clinical value.
With wide application of high-throughput sequencing and public databases, the bioinformatics analysis has been broadly used as a powerful tool for cancer diagnosis, classification, and prognosis prediction, especially in obtaining gene general alterations during tumorigenesis. In this study, three original microarray datasets GSE33630, GSE35570, and GSE60542 were selected from Gene Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/) with a total of 114 PTC samples and 126 normal thyroid tissues, which owns the largest sample size compared with a previously published study with a total of 92 PTC samples and 79 normal thyroid tissue samples [20] . With the adhibition of the GEO2R online tool, 831 DEGs (differentially expressed genes) were detected: 410 of those genes were upregulated and 421 were downregulated. Based on those DEGs, the functional roles and related pathways were jointly performed by Database for Annotation, Visualization, and Integrated Discovery (DAVID) and other online tools. In addition, we established the PPI network of the DEGs and ten hub genes (TGFB1, JUN, CXCL8, LRRK2, CD44, DCN, BCL2, ACACB, CCND1, and CXCL12) were identified and verified by RT-PCR experiments in our own thyroid samples in Huashan Hospital. These findings may provide us with a better understanding of the molecular mechanism and possible treatment targets for PTC.
Materials and Methods

Gene Expression Profile
Data. The gene expression profile datasets GSE33630, GSE35570, and GSE60542 were down-loaded from GEO database. A platform of these three GEO datasets was GPL570 (Affymetrix Human Genome U133 Plus 2.0 Array). The GSE33630 dataset included 94 samples derived from PTC (papillary thyroid cancer) patients (49 tumor tissues and 45 nontumoral thyroid tissues). In the GSE35570 dataset, there consists of 32 PTC tissues and 51 normal samples. As for the GSE60542 dataset, 63 samples were included with 33 tumor tissues and 30 noncancerous tissues. We chose these three datasets for integrated analysis in this study because all of them had a pretty large sample size compared to other datasets about PTC in GEO data repository.
DEG Identification.
A GEO2R (https://www.ncbi.nlm. nih.gov/geo/geo2r/) online program was applied to detect differentially expressed genes between PTC tumor and nontumor tissues [21] . |Log 2 FC| > 1 and the adjusted p value < 0.05 were set as cutoff criteria. Then, a total of 831 DEGs were identified, containing 410 upregulated genes and 421 downregulated genes, and we selected the top ten genes with highest degree of connectivity as hub genes. For the validation of the expression of these hub genes, the data from GEPIA was extracted and analyzed. The TCGA (The Table 1 : Sequences of primers for RT-PCR.
Gene
Primer sequences 2.6. RNA Extraction and RT-PCR. Total RNA was isolated from PTC cells and tissues using the TRIzol reagent (Invitrogen, USA). cDNA was synthesized using 2.0 μg of total RNA with the PrimeScript™ RT reagent kit (TaKaRa Biotechnology, Japan). The SYBR-Green Supermix kit (TaKaRa) was employed to detect the relative mRNA expression in the ABI 7900 instrument (Applied Biosystems Inc.). The relative expression levels were determined by the 2 -ΔΔCt method and normalized to internal control GAPDH [24, 25] . All qPCR reactions were performed in triplicate. The primers used to explore mRNA expression of ten hub genes were shown in Table 1 .
Statistical
Analysis. The expression of related genes was presented as mean ± SD and analyzed using the paired t-test. All data were analyzed with GraphPad Prism 7.0, and p < 0 05 was considered as a significant difference.
Results
Screening of DEGs between PTC and Normal Thyroid
Tissues. Three GEO datasets GSE33630, GSE35570, and GSE60542, a total of 114 PTC tissues and 126 normal thyroid tissues, were analyzed in our research. According to the cutoff criteria: | log 2 FC| > 1 and the adjusted p value < 0.05, we extracted 605, 1269, and 548 upregulated DEGs and 555, 1161, and 543 downregulated DEGs from the expression profile datasets GSE33630, GSE35570, and GSE60542, respectively ( Figure 1 ). 410 upregulated DEGs and 421 downregulated DEGs were consistently presented in all three datasets and were used for further study.
Gene Ontology Functional Analysis.
In order to obtain a more in-depth understanding of the selected DEGs, GO function was performed using DAVID version 6.8 and the clusterProfiler package in R statistical software (version 3.4.2). As shown in Table 2 and Figure 2 (a), the upregulated DEGs mainly enriched in biological process (BP) terms were associated with extracellular matrix organization, cell adhesion, and regulation of protein serine/threonine kinase activity. Meanwhile, the downregulated DEGs were linked to nervous system development, muscle tissue development, and regulation of phospholipase activity (Figure 2(b) ). As for the cellular component (CC), the upregulated DEGs were enriched in the proteinaceous extracellular region, endoplasmic reticulum lumen, and membrane-bounded vesicle, while the downregulated DEGs were related to the proteinaceous extracellular matrix. In the molecular func-tion (MF) group, it was concluded that the upregulated DEGs were mainly involved in receptor binding and glycosaminoglycan binding and the downregulated DEGs were closely related to sulfur compound binding and nucleosidetriphosphatase regulator activity.
KEGG Signaling Pathway Enrichment Analysis.
To systematically clarify the key pathways involved in PTC pathogenesis, pathway enrichment analysis was carried out using online websites of the KEGG pathway, Reactome, and the clusterProfiler R package. The pathways enriched by upregulated DEGs were mainly related to ECM-receptor interaction, focal adhesion, and p53 signaling pathway. However, the central pathways shown in downregulated DEGs were mineral absorption, thyroid hormone synthesis, and TGFbeta signaling pathway (Table 3 and Figure 3 ).
PPI Network
Construction and Modular Analysis. The STRING online database was employed to construct the PPI network; then, the Cytoscape software was used to visualize the protein interactions. Considering degree > 10 as the cutoff criterion, a total of 108 DEGs (including 62 upregulated DEGs and 46 downregulated DEGs) in the 831 com-monly altered DEGs were filtered to establish the PPI network, which comprises 108 nodes and 769 edges ( Figure 4 ). The PPI network provides us with the most significant ten nodes (TGFB1, CXCL8, LRRK2, CD44, CCND1, JUN, DCN, BCL2, ACACB, and CXCL12), and they were chosen as the hub genes of PTC (Table 4 ). Furthermore, the whole PPI network was analyzed by MCODE based on the degree of importance. The top three modules were shown in Figure 5 . Module 1 consists of 22 nodes and 71 edges, while Module 2 consists of 18 nodes and 54 edges, and there are 19 nodes and 54 edges in Module 3. Moreover, KEGG pathway enrichment analysis showed that genes in these three modules were predominantly associated with pathways in cancer, chemokine signaling pathway, and PI3K-Akt signaling pathway, respectively.
Validation of the DEGs by RT-PCR.
To reinforce the reliability of the identified hub genes from the bioinformatics analysis, we firstly investigated the expression of these crucial genes in online website GEPIA based on TCGA and GTEx thyroid carcinoma (THCA) data. The results from TCGA and the GTEx projects containing 512 PTC samples and 337 normal samples showed that TGFB1, CXCL8, LRRK2, CD44, and CCND1 were all elevated and JUN, DCN, BCL2, ACACB, and CXCL12 were reduced to some extent in PTC tissues relative to normal tissues ( Figure 6(a) ). Moreover, RT-PCR experiment was conducted to reconfirm these hub genes. 32 pairs of PTC tissues and their adjacent noncancerous tissues collected in our cohort were used to measure the expression of these molecules. As indicated in Figure 6 (b), the results of RT-PCR showed that the mRNA level of TGFB1, CXCL8, LRRK2, CD44, and CCND1 increased by 2.44-(p = 0 0066), 3.64-(p = 0 0014), 6.67-(p < 0 0001), 5.58-(p < 0 0001), and 3.43-fold (p < 0 0001) and the level of JUN, DCN, BCL2, ACACB, and CXCL12 decreased by 2.99-(p = 0 0024), 4.53-(p < 0 0001), 3.57-(p < 0 0035), 3.89-(p < 0 0001), and 2.37-fold (p = 0 0015), correspondingly. Although the fold changes varied from the data in GEO datasets and TCGA database, the total tendency of these genes from our experiment results was consistent with the databases. Besides, we evaluated the relationship between these hub genes and PTC patients' prognosis with UALCAN [26] . As shown in Figure 7 , Kaplan-Meier survival curves revealed that PTC patients with high expression levels of CXCL8 (p = 0 028), DCN (p = 0 017), BCL2 (p = 0 0045), and ACACB (p = 0 0016) were correlated with a poor overall survival rate, suggested that these four molecules may serve as the prognostic markers for PTC. In brief, our study demonstrated that these ten hub genes may strongly link to the occurrence, progression, and prognosis of PTC and serve as a solid foundation for the future genomic individualized treatment of PTC.
Discussion
PTC is one of the most common endocrine-related cancers in the world, and the incidence increases steadily in recent decades [4, 27] . A previous study revealed that genetic alternations such as TERT mutations, BRAF V600E mutations, and RET/PTC rearrangement all contributed to the tumor proliferation and metastasis [28] . The precise mechanism concerning the pathogenesis of PTC remains largely elusive. Therefore, it is of great importance to identify and characterize the pivotal genes associated with the development of PTC. In the current study, our results provide a comprehensive bioinformatics analysis of genes and pathways which may participated in the progression of PTC. We integrated 3 datasets including 114 PTC tissues and 126 normal tissues, which enrolled the largest number of PTC tissue samples in similar bioinformatics studies, and identified 831 DEGs (410 upregulated and 421 downregulated) at the first step [29] . The following GO analysis showed that upregulated DEGs were mainly enriched in the extracellular matrix organization, endoplasmic reticulum lumen, and glycosaminoglycan binding. In addition, downregulated DEGs were significantly involved in the organic hydroxy compound metabolic process, proteinaceous extracellular matrix, and sulfur compound binding. Subsequent KEGG pathway enrichment analysis revealed that PTC development was strongly linked to pathways, such as thyroid hormone syn-thesis, ECM-receptor interaction, and p53 signaling pathway. In addition, we constructed the PPI network for DEGs and discovered top ten hub genes (TGFB1, CXCL8, LRRK2, CD44, CCND1, JUN, DCN, BCL2, ACACB, and CXCL12) with highest degree of connectivity. Finally, the most significant 3 modules were filter from the PPI network. Corresponding genes among these modules were associated with pathways in cancer, chemokine signaling pathway, and PI3K-Akt signaling pathway. Furthermore, experimental validation is indispensable to confirm our results predicted by bioinformatics analysis. RT-PCR results verified the overexpression of TGFB1, CXCL8, LRRK2, CD44, and CCND1 and the downregulation of JUN, DCN, BCL2, ACACB, and CXCL12 in 32 pairs of PTC samples and their adjacent normal tissues. Among these hub genes, CXCL8, DCN, BCL2, and ACACB were identified as clinically relevant genes using the expression status from the TCGA cohort of 504 PTC samples. CXCL8, also named IL-8, is a member of the CXC chemokine family and produced by leukocytes and other cells. As a proinflammatory/chemoattractant cytokine, CXCL8 exerts its oncogenic effect by sustaining cell proliferation, metastasis, and angiogenesis [30] . The results of our study were in consistent with several published research papers that have reported the elevated expression of CXCL8 in PTC. Basolo et al. revealed that CXCL8 was produced by TPC-1 and TT cells with activated RET/PTC1 arrangement and its expression was regulated by multiple intracellular signaling pathways [31] . Liotti et al. reported that the CXCL8 expression level was correlated with lymph node metastases and it was overexpressed in thyrospheres and critical for self-renewal ability of thyroid cancer cells [32] . Rotondi et al. discovered that CXCL8 was highly abundant in PTCderived tumor-associated macrophages (TAMs) and promoted PTC invasion in vivo [33] . Moreover, the role of CXCL8 in thyroid cancer was recently addressed by several studies which characterized its secretion and expression; in particular, these findings were recently reviewed and CXCL8 was proposed as the chemokine playing crucial protumorigenic effects in the cancer microenvironment [34] . Due to the important position of CXCL8 in PTC, Coperchini et al. designed some experiments to test the effect of the BRAF inhibitor (PLX4720) on the basal and TNF-α-induced CXCL8 secretions in BRAFV600E-mutated (BCPAP, 8305C, and 8505C) and RET/PTC-rearranged (TPC-1) thyroid cancer cell lines and in normal human thyrocytes (NHT). The experiment results show that PLX4720 is able to inhibit the secretion of CXCL8 in BRAFV600E-mutated thyroid cancer cells, which indicated that at least some of the antitumor activities of PLX4720 could be exerted through lowering of CXCL8 in the thyroid cancer microenvironment [35, 36] . Decorin (DCN) was known as an extracellular protein and a pan-RTK inhibitor, which participates in cancer cell growth, spread, proinflammatory processes, and antifibrillogenesis [37] . DCN was found underexpressed in breast cancer, colon cancer, follicular thyroid cancer, and follicular variant of papillary thyroid carcinomas [38, 39] . Mechanically, DCN binds to EGFR/ErB2 extracellular functional domains and triggers mitogen-activated protein kinase activation and the increase of cytosolic Ca 2+ , which accelerates cell cycle arrest and induces intrinsic cell apoptosis, eventually leading to tumor cell growth inhibition [40] . Taken together, the above studies highlighted DCN as a candidate anticancer target for many types of solid tumors. In addition, we have reason to suspect that DCN have an important role in the carcinogenesis of papillary thyroid cancer.
Acetyl-CoA carboxylases (ACC), the rate-limiting enzymes involved in the de novo synthesis of fatty acids, encode two isoforms ACC1 and ACC2 (ACACB) [41] . AMPK directly inhibits ACC1 and ACC2 activity via phosphorylation of ACC1 at Ser117 and ACC2 at Ser222, resulting in the inhibition of fatty acid synthesis and accumulation of fatty acid β-oxidation [42, 43] . A previous study has demonstrated an upregulation of ACC1 in multiple human cancers, which may promote lipogenesis to provide the energy for cancer cell growth [44] . However, we firstly found that the expression of ACC2 was at a very low level in PTC tissues and the specific mechanism of ACC2 in PTC carcinogenesis remains unclear and needs further investigation.
BCL2 is an antiapoptotic oncogene, functioning in the regulation of cell intrinsic apoptosis. There exists numerous BCL2 family members, including the antiapoptotic proteins BCL2 and BCL-xL and proapoptotic proteins Bax, Bak, Bid, Noxa, Puma, Bad, and others [45] . Once received cellular stress, the activation of these BCL2 family members releases apoptogenic proteins from the mitochondria and initiates caspase activation that results in cell apoptosis [46] . Overexpression of prosurvival BCL2 in multiple cancers, such as prostate, ovarian, and lung cancer, is a hallmark for tumorigenesis [47] [48] [49] . Nevertheless, it was significantly downregulated in colorectal cancer (CRC) and PTC [50, 51] . Wang et al. investigated the relationship between BCL2 polymorphisms and PTC susceptibility and found that BCL2 (-938 C>A) polymorphism showed a protective role in susceptibility to PTC [52] . Gupta et al. reported downregulated BCL2 in anaplastic papillary carcinoma (ATC) as compared to welldifferentiated thyroid cancer [53] . Besides, loss of BCL2 was associated with loss of differentiation in thyroid cancer. Our findings suggested that aberrantly expressed BCL2 may have an unknown novel function as a potential tumor suppressor in thyroid cancer progression.
Taken together, we conducted a comprehensive bioinformatics analysis of DEGs in PTC and demonstrated that ten hub genes as the biomarkers of PTC and all these molecules were validated by our RT-PCR experiments. Our findings provide novel insights into the role of potential oncogenes and tumor suppressor genes in PTC and suggest that these findings may have a great clinical significance. Understanding of these core genes in thyroid cancer development as well as the molecular mechanisms involved in this process should be consolidated in the future investigation. Meanwhile, targeting these genes, especially the clinical relevant genes (CXCL8, DCN, BCL2, and ACACB), may provide effective therapies for the treatment of PTC. However, there is still a long way to get these genes transferred to the clinic for stratifying patients, taken as diagnostic biomarkers and even in depth for immunotherapy or for the development for oncovaccine.
